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mt^xm (a) 

mad^^xmrnmoym-^^^m-^-^^xm (b) 

(c) 

±tBlS (b) ±fB^l<Di|^«^)l®5-S±lB« 
±IBXS (b) T«. ±fe^ 1 <Oi|5ii«:|K<!:±8E»«i 

±fEl^ (b) ±13^ 1 (73i<^##:Mi±tSS«i: 

±f3xs (a) (TDstifc, ±mmm(D±iz. ma^^m-t 

±texg (a) T'«. ±lfi»«cD5-^±fE^lTXi7CD 
±l2Xig (b) Ttt. ±iB^l ©*^«:lKt±fH^l T 

<D^mi^m<y:>m&yjmizis<.^T. 

-tsExe (a) 03m"C-tBEis (b) <Dmfz, jiieM 1 

l|2VXi'S:JgjS-r-5XS^$eC-&*-. 50 



±f3XS (c) T'tt, -t:ffi^l¥^^m<0^'^±fB^2 
CDB8 PSBlcffiM-r ^gB^i-7&^ e.±IBm 2 

[if*JH9] if*JS5~8ro'5T&v»m7&>i-r)tciHig 

±sBMi SEitR s^tM, mmtm:sLzsvy 

immm 1 0 ] 1 X« 2 IXfB«CDi|^^#:M<^m 

±I3XS (a) (D^T±s3XS (b) WSaiC. ±13^1 

-sxe^^^fc-^*-, 

±IBX@ (c) ±13^1 «ii^##:K<7>3SJifeM 

±SBXg (a) 0«-??±IBXS (b) ©tfrfc, ±fBB 1 

±tBX@ (b) 0»-e±tBXS (c) (Dm\Z. ±13^4 

T, ±13^ 1 (0^jS^)^cD5*.±B3m4TXi'CDiaPgP 

±tBXg (c) T-tt. ±IB^lcOi|i^i!^)^©p-^±S^ 
1 ©i{4^f*c|i|gwMP8Blc*5ViTSm}LTVi«gi55i>*^e.± 
13^ 2 C9^|4S^JKSr*KS$-a-S J: iS#?K:<i:t-S¥»«: 

±IBXS (a) Ttt, ±13^ 1 co^j^^#:W[i:LT^^<& 

[ft*3S 1 3 ] nUtm 1 2 lClE«®¥»#:|gOSJig* 

±tBXa (a) TiS, ±13^1 ®i|£«^M<tLT. G 
a. Al, B, As, In, PRtXS b ©•5 < 

it. 1 -cxDTtmii^ ii^m-mz-^tsit^^'^mw-f^^m 

[»*^14] W^JS 1 ~ 1 srop^.i^^-m*'' 1 -otc 

±i3xg (c) T-«. ±.mm2 (D-=^mwmtvx^m^ 

[»*^ 1 5.3 1 4 CiEiE<^¥»^IS<OKii;& 

m\zi&\,^x. 
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±teis (c) T-«. ±iim2(Di^mi^mtLx, c 

a, Al, B. As. In, PS-O^S b 05^(D'>fj:< 

13^ O it (C 43 i T . 

±S3XS (a) T«, ±35^1 0^»#:a©;p$S2 0 

Cit*)si7] Bf*3Si~i 6co-5^ti-rn*^i-oic 10 

0. IJ/cm' iJ^±2 0J/cm' &,~f (Dmm ii-f ^ 

±iai@ (c) o^c. ±te««s;^^-r-£)X@ (d) 

[0 0 0 1] 20 
[0 0 0 2] 

Ca. A1. B. as, I 

n, PRI>*S b ©5 tfe 1 •r3C07C*<tNi:$r 

5) it, ^<D;-^>}^=^^ yya^l . 9~6. 2eVi:j£ 

«Og^t:itl#*#:<7)ft^0iJtbTtt. — ®iC*^B. A 1 , G 
a. I n,-,.,-.N (O^xg 1, O^y^l, O^z^ 

1, o^x + y + z^i) r-m-^n^it-^^'^mm'^S) 

[0 0 0 3] iC^di, -y-^r-f Tft^iG aN©4&^ 40 
VfzG aNmffiXm^^itl 0' ~ 1 0'° cm"' (CfeS 

[0 0 0 4] c:CT% G aNa©f^K{Cffll^l)^i:*iT 
*>b, GaNtt^^cDSp^^^ffidiGaJCJt-^Tfii^C 
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mi^ titmtt^ ^mt^ ?>^^ ««-r ^c*d ^ mmmm^ e. 

mX\-i-^V7^TW^, S i CSS. S iS 
GaAs»«^*^*0> etT, rsastgj 

[0 0 0 5] :S:illtl (#M¥1 0-2 5 6 6 6 

JPMcDG aN|g$:il5ia-e^fi$-e-;fcS. -itr^r-TT*^ 

[0 0 0 6] 3ti*2 (Michael K.Kelly et aI.,Japanes 
e Journal of Applied Physics, Vol. 38, p.L217, 1999) 
fcfS«$*lTV>««J:-5tc. -y-^r-fTXtStcJlM^Ga 
NlR*ffiiaTfiE:S$-a-fe«. ^-if?£M*tbTGaN]K 

[0 0 0 7] 3 2000-12900 
ffi) CIB«$tlTl'i«J;'5fC, GaAsSffiJiJCSgSrW 

G aNA'>;/7rS*?^fSL;^c^, HVPEfife(Cj;0, G 
a N A 7 r M ©± JclWgCD G a N X tr =^-> -v * 
iSfSTfigfib, ^c^». G a A s»«^^*-r5::<htC 

^, 

[0 0 0 8] 

[0 0 0 9] GaNiSSawt^fiCttl 0 0 OrfitiWiS 

s$-a-;fc}^fc?^si-r-5i:. figs^-a-/fcG aNMisaa 

i8Hg!i^l8:®aiVifc:J:0. G a NM{cf»iiS:t»d^^Sn 
^n-St, G aNiKC^97<y^^-t>;>^Rg;^)i^i;fcO. Ga 
NI|[±^*:(CS0*^*^^-r-5*3-?-tl*ia&ofc. itffC, Ga 
NModJP^*<^1 0 0 /imS^{'^«.t. GaNMlC36^ 

•r<?5:-5fc«e>, G aNm<D®a*sas«<i:i^as®s 

[0 0 10] S^b!K;¥^<*MS:S«t 
[0 0 11] 

^rStt, >tSj^tto5«S±tcBl©^l^»^)i[^J^J^-r^ 
(a) JiaeS^t-tSB^ 1 rc)¥®«s:Ki:wrBl(C 
>t*fia|*UT. ±|B^l©i|^^^i:l^t±fB»«t©|^ffi 

S (b) '±^«ffi±t±f3lll 
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[0 0 12] :io:>:femz^y), xS (b) iz^i^^-cmi 

(c) iz^\.^xf^i<D^mi^m±izm2<D^^mi^m^m 
[0 0 13] ±iai@ (b) -rtt, ±t3ii 1 <©i|s^«cjK 10 

[0 0 14] ±Bxm (a) «S5fC, ±E*«C9±fr. 

^. ±I2X@ (a) T-«. ±SB««CDp^±tB^lvX 
i7CD|§Pgl5fc431.iTSaiLTVi«.a5:«';5^e.±fa^ 1 0# 20 
mt^m^t^^-^ii^^iilZJ^r). VXi7«±^{ceffiJ5: 

-5. 

[0 0 15] ±tB^lv;^i7a, ifBS^coffliJH^Mo 

PB^-a-T, :7U— x^'>'X'i' >i''cD':>xA*#S<?5d*^ 

[0 0 16] ±tBm 1 -^T-i^a, 7feSiH4€rWLT*3 
D. ±tBl@ (b) Ttt. ±IB^1 0¥##:)K<i:±IBII 

[0 0 1 71 ±ffiXS (a) <D«-e±SXS (b) ®W 

□ HP^WT-Sm 2 -7X^7 i&Jg^r^XSSr S 6) tC-^*-. 
±texS (c) Ttt. ±i5^l¥»«^IK©'p^±f3m2 

[0 0 18] ±8siii m^km, m<tm, 

[0 0 19] ±tBX@ (a) <Da-e±t3X@ (b) ®ftf 

fc, ±mf^\<D^m^m(^±.^z, ^um^mi^, ±i3m 

xi^^gj^fijcT-sisss "iic-ga^-. Jisexg (c) -c 
tt, ±fB^l®¥^^Mc^'5-^±fBm3v;^i70iiPgB 
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[0 0 2 0] ±gEXS (a) ©^TJilSXg (b) ©str 

X^'^j^^jfe-rsxSi:, ±.fBXg (b) <^^t?JilBXS 
(c) c^ttrc, JbfB^4TX^5rfflViT, ±52^ 1 W^l^ 

lam 4 v X i7 ® M □ fcffig-r -5 ««E * i^*-r -5 xig i 

^^^\Z^^. ±tBXiS (c) T'«, ±fB|| 1 ®if4aS#: 
iK©^>*.±tB^ 1 <75ij£^^t:««D5lPgElc:*5t,iT®l±iLT 

[0 0 2 1] JilBXS (a) T«. ilBM 1 

[0 0 2 2] ±ffiX@ (a) T«. ±IBB 1 C0¥«#:JK 
iUT. Ga. Al, B, As, In. PJit;Sb©3 
■6 <tt> 1 -Da:)7tMt.N ii^m.^Z'^tS^'^m^ 
S J^^f -5 C: t t? ^ S . 

[0 0 2 3] ±bBXS (c) T-tt, ±l3^2®¥^#:ffi 

[0 0 2 4] ±tBXS (c) T«> ±iEm2®*^<*:M 
tlxT, Ga, Al, B, As, In, PS:r>'SbcD^ 
c^iJ>;^£ < <»: 1 o®7C*i N i Srm^!£fC-^tr<t-&^^^ 
«#:ffiE * J^fig-r -5 d t ^ . 

[0 0 2 5] ±fBXS (a) T-«, ±IBM 1 CO¥»«^JK 

[0 0 2 6] jiiBxe (b) -ea. ±ia^<ORg«x:^i;i. 
^~<Dm.^O.. IJ/cm' £i±2 0J/'cm' fiATO 

tea ^ C idWS L trJ, 

[0 0 2 7] ±IBXg (c) ©^fC. ±8B»^S:^5fe-r 
SXS (d) &$e){C'g^trc:a:ic:j;t), 7'J— x^'^-?^ 

[0 0 2 8] 

[^mo:>mm<Dmm] (.miommi^m 01 (a) ~ 

[0 0 2 9] 01 (a) C^rxST?, i®*iC 

m-irts.t)% (0 0 0 1) ®T*i>ii;g2-r (^5 

0. 8mm) , 3 0 0 /imCD-tt^r-l'TSS 1 1 * 

?i«-r-5<, ^LT, iJ-^T-ry^Ki is> hvpes 

SJi£;^<J5±at<S'J*^5., G a^StHC 1 :«JX,i:CJ:oT 
^BESnitG a C 1 :yx<i:, T>*^r;<JX (NH, ) 

(HVPES) St*. -y-:7r'f7S«l 1&5 
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\:^1$^^->^^Jl^^:^i±^o :k^^'Vs it:7T-f i 
1 0 0 Or^CLT. ^lO^^^igT^^jp^ 
5 0 iim(DG aNm 1 2 tf :$^:=^5>^ jL/^S^iir-S, 
G aN/^^vy rm<Dm'^\tG aNMl 2\zit^^ 

IZ. rGaN]^12j ctV^^^^^^i. GaN;\*-/:7Tg 

[0 0 3 0] ^(D^. HVP E^M[^T1^-:7r-f TSS 
1 1 RZSG a 1 2 Sr^ja^TJ^^T-Sc 
[0 0 3 1] Z<Dtt. GaNmi 2(Z>m^\tmS 0 u 

»tRi 1 ^GaNUi 2 h(Dm(Dmmmw^^m\zmm^ 

.'5 X tr 3^ 4^ CDS OU0^<>$>^h(D<D /h ^ 

[0 0 3 2] G aNmi 2<Dm^^m<^^^K 20 

^JS'&fCtt, GaNmi 2(Dm^f)^2 0 0 jj,mSkTX-$> 

^Z.h:^m^L<. 1 0 0 MmJWTT$>^Cch;^^'<i;D$? 
SLVi, ;^fcL. G aNmi 2a:^m'^<Dit!'^l'^mm(D 

^fc> GaNlSl 2tC*5tt^SO^SiJncOffllM<hV^ 

"5li.^.:^^e>f^, GaNlKl 2C0J5${cTPSt5;^ci:<. Ga 
NMl 2RZSG aNJ^yyrm(D^B^m^^^l 0 Mmg 

[0 0 3 3] :k\z. mi (b) {c^-rxii-r, xbf^4^ 

1t:7T-fT»«l l<^Sffi;6^e)GaN]Kl 2 (GaNA 
yyrm^-^ts) Izmmi^T. -^yy^Tm^l IhG 

aNmi 2 ^(D^m^^^rUvo z,(D t^mrnvTzu--^ 

«, N6/YAG\y—'^(D3'AMmil& (3 5 5 nm) 
Tf, mMx.:^J\^^—0. 3 J /cm' . /^;i/X«IS5n 

G aNO®iR«?Sfi (^3 6 0-3 7 0 nm) tlk-lf 40 

TSSll^SiiL. G aN«l/-if7t^®iRb^.^-r 

u-if7^<^x^^;u^-^g;^^-+-i^';^^<'rti&S. 
cT^^MtCctoTGaNmi 2 (G aN J^^y y r 

ffigI5;^t^ffiia^'r»)^^n. ^yy^Tm^l l^Ga 
NMl 2 i:c?5r^1tC, G aNCO:$3^^tCcfc':>X^i;;?:i:^53^j^ 

jil 4;&^jg^K^n^o 7^mmmm\z^^^T\t. v-^it 



[0 0 3 4] ^LT. gll (c) JC^-rXgT. l/-lf 
%<T^\i-h.^^yT'<y&Wi\ lO^ffitCt^fcoT^^ 
"T^^. 'tJ->'T-rTS« 1 1 «hG aNlKl 2 tc^^fc, 
^ffifcMoT. G aNCD:^>^^Cj;-pT^Ufc^^^S 1 
4:0^*^aET^:ictfc;^i:^o cco^^i^^g i 4 
tcti. N:^^^^t"'5C:chfCcfcD?gJ5£^tl^Gac?)^?^t" 

[0 0 3 5] ^bT, M^^^a 1 4 CO^®^:^^ffJffit" 
n^^. •y-^'r-f TS^l 1 c^GaNMl 2 <h^, SVMC 

^yr-^y^^X 1 ^GaNi^l 2^^SVifC#«LT 
43<;fcje>c7)<ff ^L(.^G a<^ KD^^^yi/^y hcofi^S^de>^ 
ottU— lfcDfigi*x:?^;i.^— -^ox:^;i/^-o 
M^^O. IJ/cm' —201/0 111' OttHT^^o 
[0 0 3 6] 0 1 (d) fc^TXST, t^'y'z-r 

TS1S1 l(7)-htCGaNMl 2^«-l^:^c^S> xtf^4^ 

xtf^::^>-^;i/S1S$: 7 0 ortcLTlt— v;i//7U-x 
>^4fT7^j:o;^c^. xtf^4^i>^;l.^«<^M^^ 10 0 
Ot:ST±^f. GaNMl 2<^±tcm2<^¥^#:JKT& 
-5J?$ 5 0 0 jtzm(^GaNMl 5 *xfcf i$7:=^^S^^;^^g 

[0 0 3 7] -^CO^, 0 1 (e) {C^-rX@T\ 

^^^ta^-cTtf^o ^co^h^. ^^a-^ss 1 4tCcfc^T 

•9->^T<T»«l 1 -irGaNiail 2, 1 5 <h;0^^«F b/t 
t*c.^-r*oTt>> .^^>®M1 4^i?gft^$trgfES;#:tCJ: 
oT«^$nT(.i^OT, GaNJ^12, 1 5 JCti, it 
:7r-f TSSl 1 iiGaNJKl 2, 15 ctc^)^.^^^M 

-TTSISl 1 ^GaNi^l 2^t/GaNmi ^t^^'rfm 
l^*-r-5o ^OM;^. GaNmi2, 1 5Rr;^^^j5?ji 
14Jc:J;0> 1t>'T<7»«l 1 ^tftSmbS^^wr 
^GaNS«l 6 5&^*^^$n^o 

[0 0 3 8] i^mmm(r^^Mwm<^mm.-^m\z^n 
it:7T^T»«i ic^±tc^^^nfc»vimi(o* 

»^MT»-5»GaNai 2 (**M?^®fC*5^iT«. G 
a N/\* :y >^ T S ^^ti^) . \Z V—^it^^y r < TS^ 1 

i(DMMf)^^mm\.x. v-yr-iTmmi i tGawM 

1 2 ^^^m^'t^X:^^^. jpmcDGaNlKl S^Xfcf^ 

4^>^^;i/*«^?^a3T^^(C«. GaNttl2, 15/^>^ 
.^^MMl A\Z^r^X'^yy^rmU \ 1 <t^i^3^^bT 
V^^(7)T% GaNMl 5^j¥<figSbTfe^ig?i^lS:M 

^»^XA) i::^-5GaNS«l 6^#-SC:*fc;0^T#§o 
[0 0 3 9] GaNS«16 0a®. t?^OGa 
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[0 0 4 0] (S 2 (?)|l|g}gSi) 02 (a) ~ (e) 

[0 0 4 1] EI 2 (a) fC^-rxST. ^ 1 CDj^JigJ^SI 

;S:*3-^, HVPE}*fc±r). 1f77"f T*«l 1CD± 10 
tc. GaNVN'-y^rS (BlS^ii-r) ^.Z/G a NM 1 2 

5ISgJ^^iTj2e'<75:a 19 Tag. ^ . 
[0 0 4 2] 3|s:*J6JglitC*5ViTt), TGaNM 
12J G a NA'-y :7 y M?5^$$nT(ri-5 

^)<7)t-r^. ^fc. -y-^r-fT^ffil l±lCGaN^l 

[0 0 4 3] -5-©^, HVP ESS(^T+»-7y-f 
1 1 SIXG a 1 2 *SS*T?^^-r^, 20 

[0 0 4 4] COt^, *IIJEfl^MCi5UT«, GaN 
IKl 2C9PS«|?il 0 AimT*t), v>tet5)*JPKT«;5: 

ViCi:*^?.. -y-^T-f 1 1 <tG aNIKl 2 tcDPsl 

[0 0 4 5] :k\Z., m2 (b) (CSj^-rxST, 

•y-7r-f T*«l 1 ©«®*^e.G aNJKl 2 (GaNA* 
yyTM^-^tS) {CfigMLT, •+f:77-r T*1S 1 liG 30 
aNlKl 2 i:CO^gi*fT75:-5o C <^ i^isgffl bfc I/— tf 

GaNlKl 2©;gBgE60'5^l^— tf3td^ 

Mtt$n^cgl5^J-tr*5(.iT«G aNy&^ii-®$n> G a Ni^ 

n^mm-cit. -y-^y-r ts^i i iGawKi 2 

relfC. G aN(^>5i-»fCj;oT^i;/c,^5)-^Jl 1 4*t^ffi 
S*^'«l*aO. 4 J /cm' ^iOi^tCClCDJ;^^^^ 40 
[0 0 4 6] riClT-. 2^SligJiffi{C:fel.iTtt. 0 2 

(b) tc:^1-J:-5(c, l/-- ifTtwf-A^-y-^r-f 7» 
«i io< 1 1-2 0 >*i£iic^4*{'*3gb. 
w^S€r< 11-20 >;^|Sncifi52-rs:^r6Hc*5tt-5k! 

■^-^^MPSSr 1 mm<hLTi^f35i-r. ;^*3, < 1 1 -2 0 
><i:(/»5S§e'^« r-2j ^S«ljfiW«fBj£i U 

-r;^£*3^. /N'-ti-ec^^^^^cos^fcv-f :^-7.w^^^*w^t 
T^■rfe<oi:■r-&. SIT, ffi:^ffifCt?ViTt). «»l;^«2 50 
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[0 0 4 7] ^E-LT. H2 (c) C^flS-e, I/— if 

-Si, 1 iiGaNjgl 2 i^Df^ 

(C, G aNW^J-»{c<koT±L::fc^^J-/SM 1 8;5i^ ftS 
■^m*^< 11-20 >:*r6j-t?a&sx h^'fT'/t^'— >r 
:ft-ffi-r-5::t(c:;^s, c: cDl^iJ-^S i 8 «. -JSWfc 

tt, N/iiisg^-rs^ittCcfco?^fig$n^G aco?g?^-r;& 

[0 0 4 8] i>:tc:. 02 (d) »rs^-rxs-c, ■y-:7r-f 
T-S^l IcOitCGaNMl 2*«i±/tS^. xtfiJ'^^ 
->-\';PSS<£f?y:HVPESBl?U{C^AT-5, ^LT. 

xtr;^=^^->-^;PS«* 7 0 o*CfcLTit— v;Pi7U — - 

0t;^T'±tf. GaNiKl 2CD±{cm2©¥JI#:M-e$. 
■SiP^ 5 0 0 p.m<DG a NM 1 5 ^xtf rS'^^i^^'jl^figg 

[0 0 4 9] ^(^». »«M«*^Jl^T-T^f-5o CIO 

Ki. •9-:7 7'-f 1 tGaNMl 2 <i:;&^SV:>tcgl5» 

[0 0 5 01 -ecDS. 02 (e) fC^-TXig-C, nzfU 
— !ffigttlC«fcOGaN8gl 2 ©p-eU-^T-f T»tg 1 1 

1 1 ^W^-r-2)^:i(c:«fcD. -y-^r-fTS^l l^Ga 
NIKl 2S:D:GaNMl 5*^e.i)-«^*f 

GaNMl2, 1 5JirXI^5>«M 1 8 (rJ: 0, lJ-:7 
r-f TS« 1 1 i:f5lSP!D®i«^W-r^G a NSS 1 9 

[0 0 5 1] :^mmmm\ziii,^xit. c a nm i s^m 

GaNMl2, 1 SfC^tt-S, it^y-fT*®! 1 <tG 

aNiKi2. 1 5 ii(Dmmmm&iz^^>m^sij\,tz:<m 

t.i©T. GaNJKl2, 1 SOTirjn^MDCD^^SrifPM 
•r-SilidiT^-S. *IIMJ^^(Ci3(/iT«, ittfC, Ga 
Nfigl 5«DXfcr^':^i^i';l.fiEft^(C:fetiT, GaNMl 

Lt?t3. HVP E7'n-fe:^-^#ia. 

[0 0 5 2] ittJC. y&^^fC-y-^T'f 1 a 

NIK 1 2 . 15 Tb^^^mf^^Ttm, G a N«« 1 9 C 

N*«i 9*«#e>ns, 

[0 0 5 3] G a NS^ 1 9 <^>«®, -^SDGa 
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[0 0 5 4] ^rz. li^yr^r&m l l aNmi 2 

[0 0 5 5] ^Tcs :^mmmmiZ^i^^X\t. V-yy^T 
Mm I l^GaNmi 2, 1 3:^^^m^Vrci7b^. V-yy 
T»« 1 1 -^yy-fT&milRZSG 
a NIK 12, 1 5<D±i^^mUtVX. 
c7)-x/\*-r X Of^^c0fc:d6 d^ffl L T J: 

[0 0 5 6] (mscDmmmm) ms (a) - (e) 

:$i^m(Dm3<Dmmmm\z^^ir:b^=^mi^m(Dmm:^ 
^^^^^^mmm mm<Dmmm(om^\tmm^nx 

[0 0 5 7] 03 (a) iz^-TJimx. mi<Dmmmm 
iz^n^mi (a) iz^tJintmii^i&m^ffrji^o t 
uiD^. HvpEffifCcko. ^yy^rmmi ico± 

\Z. 3 0 nm(DG al^nyyym m^"^^) 

5 0 MmODG aNlKl 2 <h fcf ^^->^;^^S$ 

[0 0 5 8] :^Mmmm\Z^^^X^. W\Z. rcaNi^ 
12j G2iNn^yyymf)^^^nX\i^^ 
t^cDchf^o ^Tz. ^yy^rmWil l±JCGaNMl 

2m^^^\^tzh(D^. m\z ^jL}d^^zy^)vmm ^ 

[0 0 5 9] HVP E^BF^T-y- :7r-fTSS 

1 1 RZSG a 1 2 ^^^^Xl^m^^. 
[0 0 6 0] ;k\Z. X/1^y^?*tCJ: 0. GaNKl2<^ 

±izm^ 1 0 onm<Ds i Or m^m^i^fz'^. y:th 

U V^yy^-iz^X.y hX,y^>Cf^i\Zj:r) S i O2 
jK^/t^-n>^LT> S i O, ^^^tSi^'^X^ 2 1^ 
mj&T^o VX^2 1^S. *i5Mm, tf^>5^P^^PS5 Mm 

— >cr)S^;?[^a«G aNKl 2 <7)< 1 1-2 0 >:^\^ 

X$)^o 

[0 0 6 1] 'A\z. ms (b) \z^-rxnx\ xtf^^ 

^y y^TMW.1 l(DMMf)^^G aNl^l 2 (GaN/N' 
^y'7re^^ti^) trBlMLT, -9-:7T-rTa«i i<tG 

aNmi 2h(D^m^mj:oo ccD^^mmvrcu—^* 
Rzsu—'\fyt<Di£-i^mu. mio:>mmmmtmuxs> 

tLX. U—^^<D}z—I:,^^yy^T&mil(D 

^m\zt:)rz'D'T:mm'r^ vy y-XTmrni i^ioa 

Nmi 2 hCDm^Z. ^m^ZR-oX. G aN(D^m\Z^^ 

x^i:^rzm^mmi 4t^if\^^T^z^\zu^o :i(Dm^ 
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[0 0 6 21 'A\Z. ms (c) iz^TJimx. -^yy-t 
T&WlI 1 c^^tCG aNMl 2 ^^-frj^c^^, Xtf>S7 4^ 
>'^;i.S«^SC/HVPE^Mp^fC^A-r'5<. ^UT. 

xtr^^t^i^i-;!/*^^ 7 0 ox:\zvx^—^)Vi7 x 
y^^nu-oTzm. xtfi$^^>'i^;i/«<Scoia** 1 0 0 
0t:*T±^f, GaNimi 2c;DJif:i^2(7)^a§^]KTfe 
5 0 O^mCOGaNMl 5 <&X tf ^^->^;i/^£:g 

10 

[0 0 6 3] C:<D<*:^, -TX^ 2 1 «G aN^ScOxe 

mf^^nx^^^(DX\ G aNmi si^'^y.i; 2 ia:>±\z 

«^fi-ttT. GaNMl 2<^'5-^V7.:i72 K^gBPgB^C 
ffie-r^«FP4J^c^)±?5^6Xbf^^>^i';P^S$i6is6:5« ^ 
LT, G aNMl 5/^^Xtf^^>'^;ix^S^M^tTV^o 
T> ^Ts^ 2 l(0±mzm^^i:. 2 i<D±\zm 

-^XGaNm^cD^^-yJi^^&f^^t&^^o 
[0 0 6 4] -eUT> 03 (d) \Zm^J:o\Z. -^Ts^ 
20 2 1 CDMPgP(7)±::&fC^ST§G aN^S<t. •^7;i72 

1 <^&Mpa5co±)S}6^e> s'Xi^' 2 1 cojifcitioT^T^^ 

2 lStX^OiaPgP^#:^ffi'9GaNMl 5;^^tJI^^$n 

[0 0 6 5] ^lOi^, GaNJ^l 5<^^"&VX^ 2 1 
(;D5ang5(7)_L:;&Jc:ffiB-r^m«tc:feViT«. G a 1 
2 <tit:7T-f TS^ 1 1 <i:CO^^^M^fC,iO^Dfc, 

aNMl 5C03^VX^2 l<D±.-^\Z\^Lmr^^^WiZ^ 
30 (.iT«, GaNlKl 2 4'COigffi^i:<H<7:>ii5:RB<7)eSlt^iSt'f 

'^\^^X\^s GaN0l 5cD'9'^v;^i:72 lc^±;&frcfi[g 
■r^ffi«cDefi?IS^^, mi<^*Jfif^^T?fPSSL:^cGa 
NMl 5 cfcO'b l-'2ieii;Vio 

[0 0 6 6] ^(D'^. 0 3 (e) {CS'TXgT. 
S^^r^^TT^f^o ^Och^. 1 4{CJ:-pT 

1t>^T-f TSffil 1 ^GaNMl 2, 1 Sid^f+lPUfc 

oT^Sfe^nx^.^'SCOT, GaNiKl2, 1 5 fct^. it 
40 :7T'<7'«S1 1 <tGaN]Kl 2, 1 5 i (7)^JIg?i^M 

-rT*«l l*GaNMl 2, 1 5Rt/VX^^ 2 1;^^6 
^3^g|^*-r'5)o ^<^^^> GaN]Kl2, 15, VT.^ 
2 l&r/ia5i'»® 1 4^Ci:0, 1^-:7T-f T»«l 1 
«l^i;®a«:#"r^GaN»tR2 3 (:7U-X^^>x>< 

CO 0 6 7] 2^I^M?^M(c:cfca«i:. ^ 1 cqHM?^^ ^: (r1 
50 tR2 S^^-SCciiT&^-e^^, 
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[0 0 6 8] :^j:*5. GaN*«2 3(^Sffi, -Z^SO+J-^ 

[0 0 6 9] *IISS?^MC:i3^4Ttt. •7;^ir2 1 

'f^CDBSM^ff;^oTG aNMl 2 t-y- 
^2 W*JgJga(73<fc5tC. I^ECOgp^J-WTSffiJ^JC^JV^T 10 

tJ^GaNai2, 1 5C0^#:S:««iLT, 1^— tf^^ 
[0 0 7 0] Sfc, 2|c*SS?^^*3lriT«, 

■5, 

[0 0 7 1] S^c, *JI«S?gS8fr*3ViT«, -tJ-^r-f 

TStgl 1 cD<IiiM{r«ei:A.i: S 1 O, ad^J|l«$n75: 
t^W-C. -9->'7"T'T«« 1 1 <Z)ffliJ®ttvXi7 2 IfCio 
Tffit»n;^V^z:<i:S:MJifCLTVi^*^, S i O, JKSrC 

SI 1 WffliJffiSrVXi/ 2 1 tra^ ;ii75^-e^^<, -5-^:^ 
it7 7'r T«« 1 1 0<aiJ®±fCtt. GaNMl 

2, 1 5;?>^'it«sn;:cv»©-e, -y-^T-rTSS*^^*^^ 
[0 0 7 2] {w,4<7)mmmm) ma (a) ~ (fv 

[0 0 7 3] 04 (a) (c^fXS-T:. 
0, ■9-7T-1'7*ffi 1 1 <D±\zm-^ 10 0 nm©S 1 O 

•>5=->i?'tfC.i:t) S iO, Wk^/^^—=.>if\^-C. S i 
O, 2 4 SrJ^fig-r^. •77,ir2 4tt, ifi 

Sym, If ■;/5^Pb1R|5 AtmCDT. h^-f ::''>''?5' — >*WL. 40 

7»«i i£D< 1 -10 0 >:5r6]Tab^o 

[0 0 7 4] ^UT, 04 (b) fC^nST-, ■y-:77 
< 7»S1 1 *HVPESe[^t;i»Ab. HVPEffifC 
±0. •y-77'fTSSl l<?5±f:i, ff^SOnmOGa 

nnyy rm (Bi*i±T) i, J?S 8 0 umWG aNii; 

[0 0 7 5] Z.<r>ii^, VXd7 2 4ttG aN«a®Xlf 
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i^fiK^tlTVi^WT^ G aNi^l 2 2 4<DJbt- 

ttfig«-B-r. 1J-:7r-f7»«l l©-5-^-7X57 2 4<75ia 

□ gpfcficBT -sgp^j-^^i*^ X e^' -> ;i'fiES&M«e> 

^. •?-tT, G aN«l 2;6^"xtf37 + v^;i/Bg*S:il^tt 
Tt^o-r, •x'Xi' 2 4 0J;^fC^-r^i, TXi'2 4<0 
± fC «i o T G a N S © ^ 5^ 5 Jl^fiefi/StiS * ^ o 
[0 0 7 6] ^LT. 04 (c) iC^-rj;5fC, VXi^ 
2 4 CDiingB<D±:^tC6g5-r-5G aNr^Si. -^7.^2 
A0:>^mu^(D±.mi-'h-^7.^ 2 4 WitXlfJoT^T^^ 
;i^^S-r-5G a N-^Si: bT, Si^6«J(C. VXir 
2 4&(yr-€-«)gaPg|5^**«'5GaN)lil 2*tjgjs£$n 
-5, 

[0 0 7 7] GaNKl 2CD-5-&VX^2 4 

0BSPgf«)±:^lCffiB-r-&®«{C*5ViT«, GaNMl 
2 t-y-^r-f TS«[1 1 icD*&^5F:^-&fcJ:r3^i;fc. 

aNKi 2®'5-fevxi7 2 4(^±:;&icfi^g-rsffi«C*5 

A/i*l£{idi#ab&t.i, *l?Sg3^^f-:fe<.^T«. GaN 
IKi 2©5*.vx^ 2 4©±:*[cfi5:e-r^ffi^<^iK{4S& 
fttt, micOllSSJ^MTf^lSU;tGaNai 2J;0fel 
~2ffi«Vi, 

[0 0 7 8] *tC. EI4 (d) tC^fXgT^ Xtf^^ 

■y-^T-f T»S1 l<^S®*^^>GaNffl[l 2 (GaN/-? 
•v^rSSr-^tr) fcMMbT, •y-7T-f7»«l ItG 

«. ^1 c^HISJ^ffiil^DT'^S. 

[0 0 7 9] r<D,t€r. U-1f3ttt-y->'7-f 7»tgl 1 
B:DJvXi7 2 4*a3aL, G a NIK 1 2 ©aMSP^U- 
^i-;*:#<-rnt*, CCO^^CJ;oTG aNl^l 2 (Ga 

NA*v/7TB*-^tr) ©^-fe-y-^T-fyasi isd^v 

2 4{C»T*8P5)-, o^OSBSKd^^Sifi^T^i-^ 

$n^, G aNIKl 2ro'5-^^— 1f3l£*^SS#t 

$nfe®«i. ■y-^T'f 7««1 lRtX-7Xi7 2 4i*^ 

x:^Jl/^— ^Sd^StlaO. 4J/cm' eA_hCOi#tCCl 

[0 0 8 0] -^bX, i^—- y-*^CCiH-A^-y-7 7"f 

tsi 1 o^®fc*5fc-:3T*«-r -y-^T-fTasi 

1 SZ/VT.i' 2 4 i, G aNMl 2 icoreltC. GaN(73 
:«-S?}Cj;oT^i;fcl^^»S2 S/ii^hffi-r^CttCTS 
^. C:(^)«*^J-/SS2 5«. -)se<)fc«. N^^^^T-sr 
t i D ^ n -S G a ®?0?Tlfr ^ G a ® H D 5/ 7" 

[0 0 8 1] rjii, »^Pttc:^D;tG a Ha-vT'U--;' h 
CO^S?S*Wfc*, -y-^T-fTSSl iJi^^GaNKl 

2 *i|ai*itlj^*. ^ CI i «S t ^ £-^c . 

[0 0 8 2] 04 (e) (CS^TXST*. -y-^r-f 
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OV^X±^f. GaNmi 2(D±\zm2<D^mii^mX& 
^/P^ 5 0 0 MmCOGaNMl 5 ^ X tf 4^ -^^ 

[0 0 8 3] -^(DWi. m4 (f) iz^tjimx. m^Wi 
m^mu^xT^f^o z,<Dh^. m^mmz 3\zj^^x 

'^mx&'DXh. m^mmz s\^mm^^t^mmmz^ 

^xm&'^nx^^^cDX. GaNMl2, 1 5 fC^i. it 
:7T<7«Sl 1 iGaNMl 2, 1 3 t.(D^Mmmm 

iz^z^mmtim^t/u^wm-^rifsi^^o -ecD^*. -^yr 

^T^Wil l^GaNMl 2BLrJ^GaNMl 5;6^e>:«^gf 

^*r^o -eoo^m, GaNjKi2, i^sLnm^^mm 

^GaNXtS2 6 (37 U >5='>f >i^<OS>fbife»^^ 

NMl 2<;)_t:tCXlf^4^>'^;i.^S^n^G aNIKl 5 
[0 0 8 5] ;*43. 2 4S:l/-lf^7!)^aiML3a:l.i 

IchGaNMl 2 ^:;0^SVi^C@«^nfct^ffi.cO 
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^:it\Z^D. G aN&m2 6^n^Z.tt^X^^c 

[0 0 8 6] :^mmmm\z:^^^x\t. v-yy-fym^i 

1 (hGaNJKl 2^^^fC^}'giLfc>^^\ ^2(Dmmmm 

tmmiz. mm^^^i^\z^mLx^2:i^o "to^m^^ 
G aNjKi scoj^fig^tc, nnu—^mmiz^D. 

G aNMl ZCD-^yy^rmW.! 1 hCDm^^^^^MT 

^> $>^^^}tmm\z^r)^yr'iy^WLii^m^'r^ 
^yy^rmmi i^m^'tt'Tiz. -^yr-rrmw. 

1 1 RL^G a NJ^ 1 2 , 15 O^^^XSt LT. 

[0 0 8 7] ^y^^ 2 4<Dmmtxh^'^':fth 

[0 0 8 8] (m5(DmmMm) ±mmi--m4<Dmm 
mmzi^i^xit. ^yy^y^WLi i(D^^mm<r>^^ 
m^^cDmTr^vxm^'^nx^^^i)^. nvpEStr 

J:^GaNMl2 (G aN/^'!y y^TM^r^ti) :&O^G a 
NIKi 5^5, it:7r-fTS«l i <7){9JSfcfextf ^^^v- 

M\z^^m^mm<Di^^m\z:i^\^^x. GaNmi2co5F 



^f)mM^n\Z<\f^<DX. GaNJgl 2CDit>'y<Ta 

«i ih<DwmiiT&(D^^^^M^^^h\^—m\z\^m 

mx^^b. Lr:iii)i^x. m\z. M^mt-y-r^ys^i 

l<i:GaNMl2, 1 bUa^z^M^hX. D^y 7 
M^l ii-r^^. GaNMl2. 150 

^mmzmt^^io<Dm^f<sii£\z^^i7 9y 

^ti^^$>^^ cti^m±'r^r:iii^\z\^. ^yr^rm^ 
1 i(r:>9vm^mm\^xm^m<D^m^nuo*z^W:f)^i^ 

10 -So 

[0 0 8 9] **M?g^^C*Dl^T«. t^t^^m 

m^^mt.T^rz.i^<DMm\z'^\^^xmM-r^o 

[0090] |gI5 (a) -- (e) *^BJc3D^5<^* 
iS JgJI *5 ^ <7)lgit Sr »rffi KIT * 

[0 0 9 1] BIS (a) fC^TXST. CVDfCi:0. 
^yT^ymm. l l c^±ffiB:tXfi(ISco±(c:;p$ 1 0 0 n 
nKDSiOt m^m^Vtzm:. y:thV'Jif'yy^—^ 
^X,y hX.y'^yiftlZ^D S i O, M^/137-->/f 
20 hX. S i O: 3 1 >^?g^-r^o -^X^ 

3i«. ^yr-fymmii(Dmm^±m<D^^m^^^ 
m^x^^^^o 

[0 0 9 2] ^L^X. ms (b) iZTBTHmx. ^y r 
< TS^ 1 1 €rHVP ESgl^tC^Ab, HVPEffifC 
it^'T-f T««l 10±JC, jP$3 0 nm(DGa 
NA^yv'T^ (EI^-ti""r) i:, 5 0 jtzmc7:)G aN^ 
1 2 <i:^xtf^4=-5>'\-;i/^S^it^o ^K^ii'^f^*^ 

^10*JgJg.^T3ZE-<rcffiOTa5'5c 
[0 0 9 3] Z.(Dh^. -7X^7 3 1 «G aN^S(^)Xhf 
30 :37^f>'^;i/5S:S^K*"r^^^5^T$^^ S i t::ci:-pT 
mi^^nX^^^<DX. GaNMl 2f^*TX^3 lc;D±tC 
it:7r-rTStSl 1 00-5^^7^/7 3 1 oDgS 
P fc^aar ^ <^ Jh e> X tf ^ 4^ -> ^ ^ 5& ai) 

^bT. G aNl^l 2)ei^Xtf^^>'i';l-^fi^^^t 
TVioT, TX^ 3 1 CD±SfcS-r^i:. VX^SIO 
± o T^l^:* G a N Jg^co ^ 7^ ^ ^ ^ <. 
^LT> 3 l<^MPffl5^a'5<i:<i:fe 

t-, V7.^3 lOMPgRO/^agB^S^GaNMl 2:0^- 

40 [0 0 9 4] E5 (c) ^c^-rx^-e, Xhf^4^ 
'>^;US«*HVPE»S;6^e»®0abT> lx-1f^^ 
'*t:7T-rT*^S 1 1 c^S®:d^e>G aNiKl 2 (GaNA* 
yyym^^tS) \zmMl^X. it:77-rT»ffil 1 iG 

tt, mi<^iiM?^si^i^i:T&'5o 

[0 0 9 5] ilco<>:#, l/-if7t«it:7T-rT«1Sl 1 
:&u^-T>^i7 3 1 ^MMU. G a 1 2 co^^gis^aiz- 
ifTtSKiRL^ife'r^c Ix— if^<^x:^;i.:^-ggs>^?^+ 

^>^^<*rmi> CCO^^tC<i:oTGaNmi 2 (G a 

50 N/N'^y :7zS^$tP) c7)'5'^it:7r<T*Si i&L^v 
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x^;i/^— ^g*^«t*a 0 . 4 J /cm' KAJ;®t^{cc: 
[0 0 9 6] ^LT. L^— tf^^f-A^lJ-^r-f T» 

lRZf-^7.i7 3 1 ii. G aNM 1 2 icorBllC. i^StCH 
■oX. G aN0:>^miZ^-DT^i:,ftm^mm3 2it)i^iE 10 

tim^-r^zt\zj:K)m^^ti^G a(Dmm-tys.t?^G 

[0 0 9 7] 4)-«?^fc^u;fcGa h*n>y:/^y h 

©«®^:^®fc*e), -y-^T-fT^Sl Id^eGaNJKl 

2 *ifiJ*m^ -6 •& ^1 i « f5 i ^ <»: 

[0 0 9 8] :k\z, ms (d) c^-rxST. -tJ-^T-f 

TmWLl lCD±(CGaNMl 2S:«i*-fc^$. Xtf^^ 
vr;i-*^5:S?/HVP Eg«F^tC2iA-r'5>, ^LT> 20 
Xtf^'4^£>-v;i/»ffi$:7 0 O'CtcLT-y— TJl/^^r U-- 

>if^nu-:>rzW:^ Xbf^4^->-^;i'S«®jaS^ 1 0 0 
0"CST±tf, G aNmi 2(D±\zm2(D^m»mX3b 
-S)JP$ 5 0 0 MmCDG aNMl 5 <&Xtf ^'4^->^;i/fiKS 

[0 0 9 9] 0 5 (e) tCTR-rxST. »«ia 

It^T-f 1 iGaNlKl 2, 1 5 i;?|if>f«bfc 

«jgT*^Tt). ifti)-jSS3 2tt«?j9*^tfSfEi!i«:{CJ: 
oT«!^!esnTVi^«D-e, GaNJKl2, 15fC«. iJ- 30 

^T-YTS^l 1 <tGaN»l 2. 1 5 i:<^l^^!S^M 

■iT^^^S.l 1 *GaNai 2B:tXGaNIKl 5)5^e.4J-Si 
^*T?), GaNMl2, 1 5S:y:«i53-»PB 

3 2frJ;D. i^-^T-f T»« 1 1 tt5S|Hii;®«$WT 
SGaN«S3 5 (7'J-X^>7=-i' >^^<Dgjk!^#« 

[0 10 0] :^^mmm\zj:^t. mi<Dnmmmiim 

J;-5<h, +>-7r'r7««l l®{giJBcD±(Ctt, G a 40 
ft«^:gL;5:ViWr, GaNSSl 2«)'5-6-t}-7T< T» 
^1 1 lCgLTI.i^S®gB^#:Srfil^fC:a-»-r«>^<!:A^ 

ckoT. G aNMl 2, 1 5 iiJ-^ y -f 
iiit:nm\z:M.^^\z^m-^'ik^z.iiifix^. y')—7.9 
>5^-f >y®G aN-^XA (^■(biaij£3l«:'i7X/\) 

[0 10 1] ?Jj:*3, 2t:3^aSJ^MC*3ViXt), m4C5|ISS 

mmL<n^t<, 3 1 cj:-pT-y-7 7'f T»si 1 



[0 10 2] *5IJS«ffitC*3t.iTfe. m 2 0511^6 

J^l©ri<, ^-1f?t(Dfia|t^fT7^i:oTGaNlll 2 
t-y-7r-f7S«l 1 i:©#ffi<DgK^}-6«j;5:m«t::*5LiT 
P5^WCD^$^$:^)-^-r5fcltTfeJ:i.i. Ga 
N^iSJ^fiE^. f9jt-&gi5^5i-)»-r 
■5, c5-5^i«W^{Cj;0-y-7T-f T»«l 1 S^if-S 
Ci-e. GaN««S:f#^eii:*tT#-5, -y- 

^T-TTtt^i 1 ^^^-a-rtc. -y-^r-fTS^i is 

U:GaNMl2. 1 5 <75^#:^»«<t LT« I/— tf*^ 

[0 10 3] {m&<Dmmmm) m& (a) ~ (e) 

«. *^H«®^6C0ili£J^litC*5tt^^4^#:M©^it^ 

[0 10 4] 06 (a) fc^-rxe-r. mi<Dmmmm 

iztiii-^mi (a) t^-rxg.i:igi;5{i3i^fT;^ce><. -r 

HVPEffitcj;0, IJ-^ r -f TS^i 1 1 ®± 
\Z, 3 0 nmWG aN;'?<;/:7TH (ElS^-a-f) 

1 0 umO^G aNmi 2 L^y:}^^^:^^ 

•a-?), mioi^mmmxm^fzmio 

[0 10 5] *SI5lJ^JiC:i3VsTfe, TGaNM 

1 2j i:Vi-5i#tt< GaNA*';/7 7^;^^*-^*nTt.i-S 
^x^i-r-S. ^tz. -^yr-irmW.! l±(CGaN)Kl 

[0 10 6] ^<D^. HVP E^fif^T-tJ-7T'f T»« 
1 1 RO^G a 1 2 ^^iaST?&^-r-5. 
[0 10 7] ;*jfC, ;^A5'^'fefCJ:D, GaNJBIl 2<D 
±.\zm^ 1 0 0 nm®S i O, Wk^m^VliL^. 7* h 
U y^^^^-T— t-^x^/ hx-;/^>^^<i:tcJ:0 S i O, 
K*/N°^-X>^'LT. S i O, d^^>fj;-5VX^' 2 1 

VXi^ 2 1 tt. til 0 Mm, tf-;'^miB5M 

AiS' — >(75:g$;5-fPl«G a NflS 1 2 ®< 11-20 

[0 10 8] :k\z. 0 6 (b) C^-rxST, RJ?i:tt-r 

;J->X-;/5=->i7'fetJ: GaN^l 2(75^-^VX^2 

r^ST-X>;;5=->i'-r^<, 

[0 10 9] ^fC. Xtf^^->^;U««SrHVPEge 
Ti^S^OaiLT, U—ff^t^tJ-^T-f 7*1S1 1 W«® 
3&^6.GaN]^12 (G aNA-y^rB^r^t?) icMH-b 
T, -y-^r-f T*«l 1 LGaNmi 2 tcD^M^fftJi 
ei. ZL<Ot^, ^fflUytU— ifRt/U— IfJtcOf— AS 

«. lli<D*;^j^^il^i;-e^-2)o u-^^<D 

<i:«it5!f-5:!&(*JT*«.GaN^l 2 W< 1 -1 0 0 > 

:^mzmmz^^L. :icD^t^w^s^< i -i o o > 
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[0 110] 'A\z, me (c) (cs^-rxst?. tJ-^r-r 
i^^jimm^nz^HVPEmmp^izmx-r^, -eux, lo 

XfcfrS':^^^-^' 7 0 0"C(CLT1J— •7;i/irU— 

>^|'Sff7^cofe», xtf:5'4^£>-\';i'as(^faar& 1 0 0 

0'C*T'±tf. G aNmi 2<D±\Zp^2<D^mi$^m-V$> 
SJP^ 5 0 0 Aim®G aNMl 5 S:xe^=^>'-^' Jl/^£g 

[0 111] ClCDi^. •7:^^/2 laCaN^SStDXbf 

^'=^^->■\';^^!gss:ls^-r-5^^^6ft?a&ss i o, fcj;oT 

«)«StlTtiS, Sfc. G aN^l 2©-5%VX^7 2 1 

T, GaNMl5«, •t;;^^' 2 1 co±{C«fiEg-B-r. G 20 
aNJKl 2<D'5-^TXi7 2 1 ©Bg PgBlCgtt! LTI/^-SM 
Bt, -y-^.r-fTX^l lWVXi^2 IWPBPSCfcetH 

LTVi-2.gS^^i*^^xfcfi5'4^->-^;i.figfi$:$&i!6-5o 
t^. GaNMl 2 ®ffliJffi*^e>««:;^In]iCfi)cfi#fii-2) 

:gbT^<GaNifSfilM±36<»^-rSi:. MPg^OiStS 
f'ttM3^/0i«|&$nfj:<7iE-5a5T. -y-^r-fTSffil 1 
A^e)©xt!^4^>'-\';l'figftttlfc*^, -g-L-T. GaNJK 

1 5 35iXfcf^=^^>--\';i'^S*^ltTVioT. VX5'2 1 
CD±^tcat--5i:. VXi^a l©±fce-pTGaNi^ft 30 

CO 1 1 2] ^LT, me (d) (c*-rj;'5(c. -^-7.^7 

2 lCDB9PgBO±:!&^C*£Sf -SGaNiSat. -^7.i7 2 

1 ©6-BiPgCc?)±i^*^e,VXi7 2 l®±tr»^T77^7 
JUfiKS-r^G aNi^^t^^-^^LT. S^^^WtC -^7.^ 

2 l&tX^-«MPgBil:^$:«'5G aNmi Sd^J^fig^tl 
-5. 

[0 113] ZlWi^. GaN^15«. t5i^i:G a 
NIKl 2<Z)^7^5;i'fiK:lCJ;oTJglg$tlfcG aNi^S 
(C^:pT«fiK$nTVi-&, bfc^^^T. GaNMl2i 40 

«. G a 1 5 CDtefi:^^«. ^Si«(C*5HT^ltD 
SISSJ^^iTf^mUfeGaNlgl 5J;0fe l~2ffi«Vio 
[0 114] ^OD^, 0 6 (e) tCS^-rxST. SKiS 

1t7r-rTS«l 1 iiG aNIKl 2, 15i:*«f^«L.fc 
t<eSgTa&-pTfe. ISiiJ-^SS 7«JK?K«r^trgKiii#:f::J: 
oT^fiK^nxVi-S, TXi' 2 1 «||Pa5C«iR 50 
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U-SCOX. TX^l 1 iGaNlgl 2. l 5« 

•oT. GaNMlZ. 1 5{C«. it^T-f 7«tSl 1 i: 
GaNttl2, 1 5 i:®i^l^5i^MfCJ:^,^j^;:;bttSie> 
T/h^li, -e-©^, ■y-:7r'f Tafe 1 1 *G aNlK 1 
2. 1 5RafvXi'2 lj6^e>^)-8l^*-r-5. ^CDi^«, 
GaNMl2, 1 5, VXi^ 2 1 RCX^^^^MS 7 CJ; 
D, -y-77-rTS«l 1 iS^mUSffl^&^-r-SG aN 

[0 115] ^^SSJgffifci^i. ^ 1 <^)SIM?g^il^ 

.tSi. GaNIKl5*<, ^^<i:^t•G aN« 1 2 

J; o TJ^fig^nfeG a N^SC J: o T«J«$ 

nxv^^wT. mtt>xmiSLmm<Dm^As<DG aNBi 
5*t#e.ns. 

[0 116] Sfe, 06 (d) t^TXST?, v;3^^2 

B# {d i3 S fim ^ » M H i: :4 -5 «i J«; * fg; M T- ^ 

[0 117] f^*5. GaNS^S 9 CD«®, OSO-y-^ 

LTfecfcl-i. $e>{CS i O, iS^^tS-^-^-X^ 2 imifi'^ 
OXStc^f5'&*5l5;fe-r®-&;fei:OJ!i^Ctt, GaNM 

1 2stjtvxi?2 \tim^^ixz>'^xmm^nts.-^x^ 

[0 1 18] *SIJSfl^^fC:feViT«> VXi'2 1 

OJ^fig«{r^-1f?te©MI*SfT;^C-pTGaNfigl 2<h-tJ- 

[0 119] **JS5^!ifC*5ViT«. -y-l^T-f 7 

S«l 1 ^G aNlK 1 2, 1 5*^6.^*Lfc/5^'> -y-^T 
<T»1S1 1 Sr^^-ti-rtC. it^r-TTSISl 1 SitXG 
aNMl2, 1 SCO^^i^^^feibT, 

[0 12 0] {^7 (Dmmmm) m7 (a) ~ (e) 

tt. :$i^B^(Dm7 (Dmmmmjz^if^¥^mwm<Dmm:^ 

[0 12 1] 0 7 (a) fC^-rxg-e. CVDtCit), 
■^yyTT^WL 1 1 cD±tClP$ 10 0 nmiTDS i O, M 

>iftiz^r)s io, Wk^n^——>if\^x. s i o, 

d>e.7&;5V7>i7 2 4 ^J^figf-S. -7X^7 2 4 115 m 

WLi 1<D< 1 -1 0 0>:Srifi]Ta5^<, 
[0 12 2] -^-LT. S7 (b) fC^-rxg-C, ii-7T 
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^7S«1 l*HVPEgSl^{l»AL. HVPESt:: 
cfcO. 1ty 1 1 C0±JC. JP$ 3 0 nmCDG a 

NA' ry:7r^ {S*i±*r) /P^ 5 0 MmCOG a NM 

[0123] il<D<h^, 2 4t*G aN«ga<^Xt! 

mf&^nx^^^cr>'T:\ GaNJKl 2tiVX^2 4C7)±:(C 

-^LT, GaNKl 2;&^Xtfd7=t^>'i';UfiKg*j^W 
± -3 T G a N 5 7" S ^ o 

"T^GaN^g^i:. VXi7 2 4 <0&MPgBO±^*^e>V 
2 4(7)±fC»oT^5^^;l/^S-r^G aNi^a^d^ 

G a NM 1 2 ;(^^?g^^tl'5o 
[0125] G a NM 1 2 CD^f-^VX^ 2 4 

<Dmn^<D±:^\ZiiLmT^mmz:}^l^^X^t. GaNMl 20 

mm:f7\^\zi^zs^mmji^<DiKmf)^Gmvx\^^^f}^. g 

aNMl 2(7^3-^ -TX^ 2 4 o±:;^Jcfie-r^mft?{::*5 
[0 12 6] :fi:\z. m7 (c) iz^TJumx. T^nv^ 

mz^yy. G a Nl^ 1 2 cD±(ri?^ 1 0 0 nmCDS i O 

iy5^>i^<i:tCj:i9S iO, 1KS/15^-X>i/LT. Si 

O, t^^t^^-^T.^ 4\^'^l3lt^. ■TXi^4 1«. ifi 30 

T*50, *TXi7 2 4<;oM□gBcD±:;&^a•^T(/i^o■ 
[o 1 2 7] :!k\z. 07 (c) fd^fX^T. xbf3^4^ 

t^:7T<T*1Sl l<7)«®;6^e>GaN]Kl 2 (GaNA' 
^;/:7yM^^tf) fCflHS^LT. 1t:7r<TStSl l<tG 
aNMl 2icD^>fR*ff;^^'5o :i(7)<t Lfc l/—tf 

m\(j^%m^mt.n\:^x^^o 
[0 12 8] z.<D^^. u-^mt-^yr^rmmi 1 

StX^X^ 2 4 G aNmi 2(DmmmtU— 40 

IfTt^KfRb^^f I/— tf3tcOX*;i.4=-^«:^^+ 

^^^<Tni^. Z,<Dm^jz<i:'DXG aNmi 2 (G a 

2 4{zmr^^^, -^^^mm^i^^mmmx^m 

$n^o ^<75^^, G aNMl 2(Oo'^U—'^ytf)mM 

:^nrzmmt. ^yr^y&ui usizf-^:^^ 2 4t.:^^ 
js.^^ifZ^m^n^o :i\^nmmmiz:B\^^x\z. tf^too 
ji^ji^^-mm-ffimt^o,. 4 5 /cm' &s±<d^^\zz. 

O fs.'^m.'^mU't^ Z, Lf)^X^tZc 

[0 12 9] -^LT, u-'tf7t<^e— A^'tJ-:7 7-r 7« so 
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lSrXvXi7 2 4i. G aNKl 2 ^K^FbIJC, GaNOD 
^tcJ: 0?^^$n-5G a0^fg-r;S:l:>-fc.G aCD HP-/y 

uyht,. mi$^mn^^:^mtEi.rzmxs>^o 

[0 13 0] i^^^tCitUfcGa Y^ay/Uy h 

(D^mmtfCDtzisb. ^yr^rmWLl l^S^^GaNMl 

2ffimt^nm^^z.^m^t,/vEu\^^o 
[0 13 1] :k\z. mi (d) \z^-tj:mx. ^yy-i 
T«S1 l(D±tCGaN]Kl 2^«-&;/^S*. xe^4^ 

xh!i$^+s^-\';i/»«S: 7 0 ot:{cUT'y— u-x 
>i/*fT?S:ofc^, xtf5^4^>^r;^««(^fi*^ 1 0 0 
0rS-e±frf, GaNMl 2CD±(C^20¥»#:MT* 
5 0 0 /zm<Z)GaNmi 5 ^X.\l^ ^i^^r 

[0 13 2] ^:cOi:#. VXiJ7 4 1 t^GaN^ftcDXlf 

^^^nxt^i^c^T. GaNJKl 5^^VX^4 ic^JifC 
tt^Si±-r, GeiNmi2(Do^'^7.i7 4 1(Dmnmz 

fi:g-r^SB^a'^Ji;5^^xt!i<7^i>i^;i.^S^i&«e>-Sc ^ 

T, VXi^ 4 1 c^)±«t-^-r^^. VX^ 4 1 (7)±tc:?& 
o T G a N <5C> 5=- ^ ^ -5 o 

[0 13 3] -^UT> vx^4 i<^SPgf;<^±:S'^c:^:g 

-r^GaN^Si:. vx 4 1 0#B8 Pg|5cD±)^y5^ ^ ^ 
X^ 4 1 co±tc:^GoT:^7=-^;U^ST^G aN^a<h?^i^ 
^#:LT. ^^fitJJC. VXi7 4 12SfclX-€-OMPgC:t:«:* 
S3GaNlil 535t?g^$nSo 
[0134] Cc^i:^, G aNJII[l 2(Oe)'& n'X^ 2 4 

(Dmu^(D±'^\z&.m'r^m.m.. ^^r^^m^^oxm 
ffi&mL\^x\^^^mm\^. ^7.^7 4 wz^^xmt^tix^^ 

^<DX. G aNMl 5^(D^^UE(DXm<^i^M'f}^±^ 
etl-So -^-LT. GaNMl S^tts G a NiK 1 2 <^ 3 ^ 

2 4o:>±:^\z&mT^m^, ^^om&u^o^ 

mm^t/uii&mi^Xl^f3:^^m^±^(DJi\^^^zy^^)V 

j$,m\Z^-oXl^f$,^tlXl^i>(DX\ GaNmi5^i^i)^ 

{S:UiiLmmmi^t.rj:'::>xi^^o :^mmmmjz^i^^x\t. 

GaNiKl 5^#:(7DSi4^Sfrl. M KDmMmmXi^m 
l^fcGaNmi 5 l-'2ffiii:l<^o 

[0 13 5] ^(DWi. m? (e) iz^TJimx. mmu 
m^^m^xy^f^o ^ico^^, m^Mm2 siz^-^x 

D-yr^TXUl l^GaNmi2, 15<t/5M^«Lfc 

vtmx$>^x%. m^mm2 sitmm^^tsmmmz^ 

'DXmf&'^nX\^^^<DX. GaNai2, 15JC^5, ^ 

7mm i i ^z g a ni^ 12, 1 5 (o^^mm^m 
\z^^mt5^tim^^/xjEB;^iR\^ni3^^^o ^(d^. ^yr 

< T«S1 l^GaWmi 2, 15Si;vXi7 2 4, 4 
Xt^^^W^^-t^. "^(Dm^. GaNMl2, 15, 
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S«l 1 <!:{5l^lli;®«**-r^GaNS;te4 5 C? U 

[0 13 6] *siffij^^trj:2.i, ^ 1 (Dmmmmtm 
«4 5*#-g.c:t;^t-e#s. 

[0 13 7] fj:*5. GaN*tg4 5 ©SS, ■^SO-y-y' 
r-TTS^Sl 1 <i:S^$nTV^fc®*P*icJ:0¥S{c 
bTfeJ;l/^« $?>tCSiO, 75->e/j:-5VXi' 2 4, 4 1 10 

Nl^l 2Rt>*TXi7 2 4, 4 l*t|^*$nSSTW«S 

[0 13 8] Sfc. **Sg^SltC*3t.^Ttt, TXi7 2 
4, 4 l«Jgf£«tU— 1f)t©Bg*f*fT3^oTGaNlK 

1 2 T-r 7«« 1 1 i:(D^m^±miZii^^X^m 

izisi,>>xmmm<Dm-^^^mr^rzi>f^h.i:^\ ^a:>m 

G a N« 1 5 CD?g^». nxSU—^mM\Z^Kt^^ 

m^&^m-t^, ab-si^i^w^tciD-tJ-^T-f T*« 1 1 20 

^i^if^riT. G aNS«*f#-2)C:<h*^-t?^^. * 
-y-^r-fTStRi 1 SM5*-t*-r(c:, -y-^r-fT 
1 1 RtXG a NiK 1 2 , 15 cD^#:*««i bT, 

[0 13 9] Sfc, **SS}g«:feViT«, •7;:^^2 4© 

[0 14 0] S^tC. **S6fl?^fC*5^iT«. -y-^T-r 30 
raffil l©{|iJ®feS i Oj. M:^^S.:^J:SVXi7 2 4 (CJ; 
oTa*Dn-5«T?, iJ-^T-fT^^Sl 10<9J®±tCtt, 

GaN)isi2, 1 5*^*itS[sn;j£ti©-zr. -y-^r-rrs 
[0 14 1] -mmm- 

:$^mmmiz^^^xit, ±^^^mmwnziii,^xmm^n 

fcGaN-^XA (GaNJiglS) ^ffll^Tf^fiKL^c5!3t 
y -< :f — F O Titt?«-r « . 
[0 14 2] ^T. W^^M^^SEicS^B^fflt^r. G 
aN'i7X/^±^cJPi^)■i^4 MmCDniyG aN^ftM^xtf 40 
^^•y^Jl'm&^it^o fig«il*«l 0 3 0"CT?. Ga 

S i H4 ^■*'U7;«X{caH. ^fflv^^. 
^'J7:^/x*N. fc^i9#^t, Egftffl«*8 0 ot:fr^ 
iaUT, nl!G aNsSi^a]KcD±fCjp**9 2 0 nmOn 
M I n G a Ni^l6BiSXfc::5'^->^;PfiEeS-e--5« In 

fflXl 0 2 0'C*t?#mb. JP*^*?J8 0 0 nm® p 
^G aNigSKS:Xfcr5'=*->'-v;i^^S$-&-5. 7i7±Zf 50 



[0143]JJ:JC. DSGaNi!SSM®Xtf5'4^->-vJl/ 

^4^. 7 0 o'CT2 o^j-WTx-u >ifLT, m±m<o 

[0 14 4] :;*cf-, T——)V^. 5 LT 
nMG a N^aacDifctt, T i /A 1 CD^S^jgC!)* 
m^m^b. p^GaNMaM<©JhlC«> Ni/Au« 

5 0 0 Mm^KD^ry >'fc:4J-ir|L, #5^5/ y*%^;?''f :f 

[0 14 5] Jiro^T^y-f^t-HcD^ft^ffffiL-fcic: 

[0 14 6] cin6CDl^*J:0. *%§3©»ig;&SCJ; 

0, G aNJi 1 5 tc^ft-awn. KKi (m^) fi^?:i^^l 
[0 14 7] (^(Dm<Dmmmm) ±m'^mmmm\zis 

[0 14 8] ±fB#*SS}g^lC:feHTtt, ■*^yy-fT& 
« i G a N K 1 0? St ffl I' —■ tf i L T N d / Y A G 

— y (2 4 8 nm) ^> Xe C 1 X^->-r^— tf (3 0 

8nm) mx%^m'sjmx'$>?>> 
[0 14 9] ^fc, m^m^mi^mm\z^m-r^mitm 
^^mwm (±ie#*ssj^ffif:*viTttGaNig) 

iig?. im^fcmmycmizmrnvx^^^^o mx 

Si, Ge, S e^&^^Mtlt LT^Jornti, n 

Mg, zr^m^'^mmt.i.xmni-ttviS.. pMw^^tt 

[0 15 0] ±ie^3, m4, ^5, m6RtK^7cr)|| 

(s io, ) sfflvifc*^, '^m.ii^\zmtm^^^m'^=t(r> 

(T i O, ) , K^kv^l^^x-^zA (Z rO, ) /j:t'COg? 

fl:#»^, ^Yt>''J=i> (Si, N, ) ^t'ro^ffcit^^, 

Ni, Mo, W, C o;:ci:©li5i^.'^^S (U^^i/hU 

[0 15 1] ±i2§*iS}^^(Ci5ViT, GaNK^J^fiK 
•r^^<r>^\^}yii7.t.\^X. H,-^. N, /H, coil 
'^1S7.UE^m^^X%^\<^, 
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[0 15 2] ^fz. ^^^(n^mmmm-cM. -^yr^T 

0. *f!H^«, Ga, Al, B, As. In. PRt/S 

CSft^W/^feWt LTtt, — fiSiC;*<B. A 1 , G a. I n 
N (0 1 , OSySl, O^z^l, 0 

^x + y + z^i) -cm^n^^mi^fi^ 

«) . A 1 Nm (X\tA 1 N««) , A 1 

G a Ngg CJlttA 1 G a N»«) . I n G a (Xtt 

I n G a N»^) . A 1 G a I n N (X\tA 1 G a I n 
N»«) , BN]^ (XttBNXtS) . BAINK (X« 
BAlN»tg) , BGaN]i[ (X«BGaNS«) ^)6* 

[0 15 3] *^HJ®*lE#:MXtt*i»^S«^ 20 

[0 15 4] 7^43. U— tfiLT«, x:?i;l/=?— *iG a 

AGU— 1fcD3ifeii56ijS«ffiC«X^v'VK r F U—*f 
(jSS2 4 8 nm) ^*fflliS::t*t#F*LVi, 30 
[0 15 5] 



(14) i|#M2 0 0 3- 7 6 1 6 
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[0 15 6] sfc« ^^mi^m(Dxm^m^iS:mT'^^(D 

[SI] (a) ~ (e) *^?^co||l ©j^JSJ^ffiJc 
*5 1 1 ^^*:MC0 Mit S S ^-r aS^frS EI T- ^ -5 , 
CS2] (a) ~ (e) *5!g«©ll2©glSgJg^tc 

[S3] (a) ~ (e) ^mm<^m3(Dmmj^miz 

[04] (a) ~ (f) «. *fg|3©m4OT^ig?^SIC 
[0 5] (a) ~ (e) *^?««^5®jlMJ^S|{c 

[0 6] (a) ~ (e) tt. :^mm<D^6cD^mmm\z 

[0 7] (a) ~ (e) a. *^Bj«^7«*MJg^(C 

[^^■^CDtJiBJ] 

1 1 -y-^r-f TS« 

1 2 G aNM 

14. 18. 25. 32. 37 ^.^MS 

15 G a NM 

16. 19. 23. 26. 35, 39. 45 G a N* 



2 1, 2 4, 2 4, 
4 0 ^^^yy 



3 1 VXi^ 
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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a method of 
manufacturing semiconductor film by which the 
occurrence of cracks and warps can be suppressed, 
while a nitride semiconductor film is secured widely in 
the same degree as that of a substrate. 

SOLUTION: A GaN film 12 which Is a first semiconductor 
film is epitaxially grown on a sapphire substrate 11, 
and a pyrolytically decomposed layer 14 Is interposed 
between the substrate 11 and film 12 by irradiating the 
film 12 with a laser light from the rear surface side of 
the substrate 1 1 . After a GaN film 15, which is a second 
semiconductor film is epitaxially grown while the GaN 
film 12, is kept on the sapphire substrate 11, the 
temperature of the substrate 11 is lowered to room 
temperature. When the substrate 1 1 is separated from the 
GaN films 12 and 15 thereafter, a GaN substrate 16 
having almost the equal area as the sapphire substrate 
1 1 has is obtained. 
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